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Company

» Roots: World Bank, 1976

» Went commercial in 1987

» Locations
» GAMS Development Corporation (Washington)
» GAMS Software GmbH (Germany)

» Product: The General Algebraic Modeling System
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What did this give us?

Simplified model development & maintenance

Increased productivity tremendously

Made mathematical optimization available to a
broader audience (domain experts)

» 2012 INFORMS Impact Prize

@+ ®
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Broad User Community and Network

25+ Years
GAMS Development

apsepe

2 v
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Broad Range of Application Areas

Agricultural Economics Applied General Equilibrium

Chemical Engineering Economic Development
Econometrics Energy.
Environmental Economics Engineering

Finance Forestry
International Trade Logistics
Macro Economics Military
Management Science/OR Mathematics

Micro Economics Physics

25+ Years
GAMS Development
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Foundation of GAMS

Powerful algebraic modeling language

Open architecture and interfaces to
other systems, independent layers
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Powerful Declarative Language

Similar to mathematical notation

Easy to learn - few basic language elements: sets,
parameters, variables, equations, models

Model is executable (algebraic) description of the
problem
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Mix of Declarative and Imperative
Elements

Control Flow Statements (e.g. loops, for, if,...),
macros and functions

Advantages:
» Build complex problem algorithms within GAMS

» Simplified interaction with other systems:
» Data exchange
» GAMS process control

@°®
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Strong Development Environment
GAMS IDE

5 gamside: D:\support \eva.gpr
File Edit Search ‘Windows Utilties Help

=1 o EIETETE]
=

23 p:\support\chartdat.gms

chattdat.gms _chartdata.gds | testchartgch

Stitle Create an example GOX file for the
1

Project management

StockData o o
Editor / Syntax colorin Spell checks
SstthE data fur‘ S1HBTE lines, bars, pief 10
~y2005
Parameter Yearbatai(yeard. vearbatas(vear:| 4
Al
carpe =TT o . .
7L — ree view yntax-error navigation
1
Entry [Symbol [Type[Dim[Nr Elem |j StockData
10/ GanttData  Par 3 Plane Index (empty) ‘ " ano
4|Points Par | 2 200 t1[iBM [x0[36742.5472285417
8 Scatter2D  Par | 2 40
o 100 V
9|Seatter3D__|Par | 2 50 DELL[x0| 36742.5472285417
13 ScenarioData Par | 2| 136,000 o 100
= 38,780 38,300 38,520 .
S ata_[Par | 3] 800 HP  [x0|38742 5472285417
11 Surface Par 2.500
o 100
5\Vector2D __ |Par 80 SUN_[x0| 36742 5472285417 Surface
6 Vector2Db | Par 80
o 00 .
paramn T|VectorSD__|Par 1200 loliem [xo|367435472285417 |
1 YeaDataA  |Par 8 — > [Saiez)
M ector 2 YearDataB |Par 8 _Reset | pecimats |

3 YearDataC  |Par

= = » Export

—-- Job chartdat.gms Start 05/05/06 13:08:
GAS Rev 145 Copyrioht (0 1987.2006 GANS Bevelopment. A1l right

.
Licensee: Franz Nelissen 5051012/
GANS Soffware GubH
tarting compilation
chartdat.gms (133) 3 Mb
tart T

artin ution
- chartdat.gms(126) 7 Mb
D:\support\testchart.gch
1 completion

T 565 chartdat-ams Ston 5000 23100001 cregmcs 00001422 ;s i . : GAIVI S P rocesses CO nt rol

52 =5 €8 512216 520 524 528 532 536 540 45849

o = _Son | A2 Max g ing: 4

Close Openlog | I Summarnyonly  Update

10
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Independence of Model and

[ ]
Operating System
: ll LlIlllX & ' ‘A
WI ndows ; \\dmmL toMac OS X S 0 la r I S

PIatforms supported by GAMS

=) Models can be moved between platforms with ease!

Model
Platform Solver Data Interface @ L @
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Independence of Model and Solver

One environment for a wide range of model types and solvers

Also solver for NLP, MINLP,
Open Source Solver (COIN) global, and stochastic
optimization

All major commercial
LP/MIP solver

...........................
-------------------------------------
..............
.....

i TEEE - MOseK
Optimization 5 '-_ = ==== I )

= Switching between solvers with one line of code!

Model

Platform Solver Data Interface
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Independence of Model and Data

Declarative Modeling
ASCII: Initial model development

GDX: Data layer (“contract”)
between GAMS and

applications
— Platform independent | e

. . Application .
— No license required

— Direct GDX interfaces and
general API

Model
Platform Solver Data Interface @ e @




GENERAL ALGEBRAIC MODELING SYSTEM

Independence of Model and User
Interface

API’s

Low Level

Object Oriented: .Net, Java,
Python

No modeling capability:

Model is written in GAMS
Wrapper class that
encapsulates a GAMS model

Model

D S S
Platform Solver Data Interface @ L @
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Smart Links to other Applications

 User keeps working in his productive tool environment
* Application accesses all optimization capabilities of GAMS through API
e Visualization and analysis of model data and results in the application

A B C D E F G H I ] K LIM N (4
Coal -17.62 -35.24 MWh
WasteHeat 36.43  53.2 -42.56 -10.64 -53.2 MWh
Steam 5.5 11 10.72 -16.7 kgfs
Exhaust 16.7 -16.7 kgfs
Heat 18 8.6184 39.84 MWh
Electricity -0.25 -0.5 13.77 29.55 10.39 MWh

Solution - Generated Heat & Electricity

bliniminiminienieiobppebibelelolo|<o|os

Platform Solver Data Interface
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Smart Links to other Applications

 User keeps working in his productive tool environment
* Application accesses all optimization capabilities of GAMS through API
e Visualization and analysis of model data and results in the application

Figure 1: US dollar short rate scenarios Figure 2: Short vs. long rates

Scenarios from tree Correlations for Dollar Short and Dollar Long

1099
2000
2001
2002

Platform Solver Data Interface @ = @
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Smart Links to other Applications

 User keeps working in his productive tool environment
* Application accesses all optimization capabilities of GAMS through API
e Visualization and analysis of model data and results in the application

v <- rgdx(fnSol, list(name = "tour", form = "sparse"))
nxt <- v$vall[, 2]
# compute the sequence of cities, based on nxt
solSeq <- NA * c(1:n + 1)
k <-
for (J in c(1:n):
solSeql[jl <-

k <- nxt[k] kj\vJ
solSeq[n + 1] <-
if (k !'= 1) stop! M ®©

loc <- cmdscale(¢

rx <- range(x <- . .

ry <- range(y <-
tspres <- loc[sol .
s <- seq(n)

Model
Platform Solver Data Interface @ 1 @
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Striving for Innovation and Compatibility

Models must benefit from: ‘ Protect investments of Users

( )

Advancing hardware / New Life time of a model: 15+ years

Platforms
Enhanced / new solver and New maintainer, platform,
solution technology solver, user interface

( )

rlmproved / upcoming interfaces ‘
to other systems

Backward Compatibility

. J/

( )

New Modeling Concepts Software Quality Assurance

. J/

VAN AN

ORIC)
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Free Model Libraries

KNAPSACK
PROBLEMS

SEVANO MARTELO PADLO TOTH
Y ¢ g = 1 Nobuhi
~ <. £ Kenji Ga: an

F PLANNING UNDER [ S AN
bt :E! INCERTAINTY 7

Textbook of
Computable General
Equilibrium Modelling

Programming and Simulations

POWER GENERATION,
QPERATION,
AND CONTROL

Thaed Edind

Model Buildi
in Mathematical®
I’mgmmmmg

An Information
Theoretic

~ W

Approach fo

Econometrics INING UNDER

r:
i
| i

-
- b

. .0 =% o It
| Model Libraries] Help
GAMS Moedel Library
GAMS Test Library

GAMS Data Utilities Models
GAMS EMP Library

GAMS API Library

Model Buildi
N in Mathematica
Programming:

oy
Al

Introduction
to Stochastic

: Practical Financial Optimization Models
Programming

Menlinear Optimization Applications (M. Andrei)

ADJUSTMENT IN
OILIMPORTING
DEVELOPING COUNTRIES

A CONPARATTVE RO

* Mullicouniry

Invesiment Analyss

Optimization

el THE COLOSSAL
BOOK OF
MATHEMATICS

AN ANALYSES

Springer Optimization and | s Applict

Neculai Andrei

Nonlinear Al
Optimization =
Applications

Usina the GAMS

PRACTICAL
FINANCIAL
OPTIMIZATION
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Why GAMS?

Experience of 25+ years

Broad user community from different areas
Lots of model templates

Strong development interface

Consistent implemenation of design principles

— Simple, but powerful modeling language

— Independent layers

— Open architecture: Designed to interact with other
applications

Open for new developments
Protecting investments of users
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Agenda

GAMS at a Glance

GAMS - Hands On Examples

APIs - Application Programming Interfaces to GAMS

Outlook - Some Advanced GAMS Features

OEHC
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A Simple Transportation Problem

What does this
example show?

It gives a first glimpse of how a
problem can be formulated in
GAMS

It shows some basics of data
exchange with GAMS

It shows how easy it is to change
model type and, consequently,
solver technology
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Model types in this example

P

MINLP

Determine minimum transportation cost.
Result: city to city shipment volumes.

Allows discrete decisions,
e.g. if we ship, then we ship at least 100 cases.

Allows non-linearity,
e.g. a smooth decrease in unit cost when
shipping volumes grows

Allows uncertainty,
e.g. uncertain demand

@=0®
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Model types in this example

* Determine minimum transportation cost.
P nine minimum
Result: city to city shipment volumes.

* Allows discrete decisions,
e.g. if we ship, then we ship at least 100 cases.

MINLP * Allows non-linearity,
e.g. a smooth decrease in unit cost when
shipping volumes grows

* Allows uncertainty,
e.g. uncertain demand

H I H< I

OXIC)
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A Simple Transportation Problem

Canning Plants (supply) 7"
>

Markets (demand)

(Number of cases)

Topeka
(275)

Chicago

i Y e I_Fl.i_'?-mm
Tt _x__:r-:ms "";Eﬂ i é -\—u amnme
San Antoric: !_,5 o '_{ “W.E"“i
/ ""“JL HWH}, kst Paim
v c’"rf’
II‘E'-. \-\ j;hllarr'l

i _,-'H""'..

New York

Freight: $90 case / thousand miles

@ ®
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A Simple Transportation Problem

Supply Distance Demand

(cases) (thousand miles) (cases)

@ Topeka
Chicago

1.8
v

Seattle 1.4

San Diego

\25\ @ New York

Freight: $90 case / thousand miles
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Mathematical Model Formulation

Indices: [ (Canning plants)
Ji (Markets)
Decision variables: x;; (Number of cases to ship)
Data: ¢;j (Transport cost per case)
a; (Capacity in cases)
b; (Demand in cases)
min ;Y ¢;j * X (Minimize total transportation cost)
subject to

Zj X; <a; Vi (Shipmentsfrom each plant < supply capacity)
YiXij = b V j (Shipments to each market = demand)

xi; =0 Vi, j (Do not ship from market to plant)
[, EN

@7 ®
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GAMS Syntax (LP Model)

B8 File Edit Search Windows Utilities Model Libraries  Help

| B % & | S P

=l %||

trnsport_LP_MIP_MIMLF.gms

Variables
®(1,3)
Z
Positive WVariable
Ecmations
cost
supply (i)
demand (j)
cost

supply (i)

demand (3 )

shipment gquantitiez in cases
total transportation cost=s in thousands of dollars ;

H o;

define ocbjective funcrion

observe supply limit at plant i
satizsfy demand at market j

z =e= sumi(i,j), c(i,3)*x(1,3)) :
som (3, x(i,3)) =1= =a(i) :

sum (i, x(i,3)) =g= bi3) ;

Model modelLE Jfoost, supply, demand/ :

Solve modellP using lp minimizing = ;

[Insert

OFIC
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GAMS Syntax (LP Model)

B8 File Edit Search Windows Utilities Model Libraries  Help
& B % ¥ | % [ =l @) 8|5l

trnsport_LP_MIP_MIMLF.gms

Variables
®x(i,3) shipment gquantitiez in cases
z total transportation cost=s in thousands of dollars ;
Positive WVariable x ;
Ecmations
cCOst define ocbjective funcrion
supply (i) observe supply limit at plant i
demand (j) satizsfy demand at market j
cost .. z =e= sum{(i,j), cl{i,J)*x({i,3)) =
supply (i) .. som (3, x(i,3)) =1= =a(i) :
demand (3} .. smm (1, ®(1,3)) =o= b(J) ;

Model modelLE Jfoost, supply, demand/ :

Solve modellP using lp minimizing = ;

: [Insert

Hands-On

OFIC
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GAMS Syntax (Data Input)

mn gamside: C:\Users\Fred\Documents\talks\2016-09-OR2016\Precenference Workshop\demoor16.gpr
File Edit Search Windows Utilities Model Libraries Help

ol s 2l wan]

e C:\Users\Fred\Documents\talks\2016-09-OR20716\Preconference Workshop\demo'\data.gms EI@

I data.gms

Sets ~
i canning plants J =eattle, =san-diego /
3 markets / mew-york, chicago, topeks /

Parameters

a{i}) capacity of plant i in cases
! seattle 350
san-diego 600 /

B(3) demand at market j in cases

/ new-york 325
chicago 300
topeka 275/

Table di{i,j) distance in thousands of miles

new-york chicago topeka
seattle 2.5 1.7 1.8
san-diego 2.5 1.8

&8 C:\Users\Fred\Documentshtalks\2016-09-OR2016\Preconfere... | = | & |
Ecalar £ freight in dollars per case
I 2_tmnzport_include_data gms
Parameter c(i,j) transport cost in t Sinclude data.gms ~
c(i,j) = £ * d(i,3) / 1000 Variables
Py X(i,]j) =shipment guantities in cases
z total transportation costs in thousa

Positive Variable x ;

Egunations
cost define objective function
supplyii) observe supply limit at plant i
demand(j) zatisfy demand at market j : W
< >

@»0®
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GAMS Syntax (Data Input)

—— gamside: Ch\Users\Fred\Documents'talks\2016-09- OR2016\Preconference Workshopdemo'orlG.gpr
=
gy File Edit Search  Windows Utilities Model Libraries  Help

EE R o RO PN

= C\Users\Fred\Documentstalks\2016-09-OR20716\Preconference Workshop\demao\3_trsport_gdx.gms

I 3 _tnzport_gdx.gms data.gmsl

Sets
i canning plants
j markets ;

1 —-1-51 |ﬁ?

PFarameters
ali) capacity of plant i in cases
bBi(3) demand at market j in cases
d{i,j) distance in thousands of miles
c(i,j) transport cost in thousands of dollars per case ;

Scall gams data.gms gdx=data.gdx

£if errorlevel 1 fabort Error preparing data
Sgdxin data.gdx

fload i § ab d

Sgdxin

Scalar £ freight in dollars per case per thousand miles /30/ ;
cf{i,q) = £ * d(i,3) / 1000 ;

Variables
®(1i,3}) shipment guantities in cases

= total transportation costs in thousands of dollars ;

Positive Variabkle x :

Ecmations
coO3t define objective function
supply (i) observe supply limit at plant i
demand (J) satisfy demand at market j ;

( \: @
1< >
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AMS Syntax (Data Input)

== gamside: C:\Users\Fred\Documents\talks\2016-03-OR2016\Preconference Workshop\dema\or16.gpr
oE g File Edit Search Windows Utilities Model Libraries Help

e & Bl % v | % = w8|nl

=

mm C\Users\Fred\Documents\talks\2016-09-OR2016\Preconference Workshop\demo'd_tmsport_gdiirw.gms E\

I 4_trnzport_gdssny.gms

IDE
[ 1]
IT_ Sets

._I151|m |2 L

i canning plants
3 markets

Parameters
al(i) capacity of plant i1 in cases
B(]) demand at market j in cases
d{i,j) distance in thousands of miles
c({i,]j) transport cost in thousands of dollars per case

v

Soffecho
Zcall gdxxrw data.xlsx Einstructions.toxt

$if errorlevel 1 $abort Error preparing data
Sgdxin data.gdx

2load i<d.diml j<d.dim2 d a b

Sgdxin

Scalar £ freight in dollars per case per thousand miles [/20/

c(i,j) = £ = dii,3) / 1000 ;

r

| Variables

®x({i,3) shipment quantities in cases

z total transportation costs in thousands of dollars

B

< >, @
1< >
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Solution to LP model

Canning Plants (supply) 7"
>

Markets (demand)

(Number of cases)

Topeka
(275)

Chicago

jll— | . 0
st | T

’ I - I_ .:._ L
) _J i

A a1 r,f :
e _— ] iebsissipgl
T = ol %t,_'l. “rmiﬁ"\“—\f-ham"
San Artori .y 'ji: -E'Qf‘ Y \15&,
S g """JL lea}s Viest Paim
i .\ 3
'|\1_ j;hllarr'l

i _,-'H""'..

New York

Freight: $90 case / thousand miles Total cost: $153,675

@=®
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Model types in this example

* Determine minimum transportation cost.
P nine minimum
Result: city to city shipment volumes.

* Allows discrete decisions,
e.g. if we ship, then we ship at least 100 cases.

MINLP * Allows non-linearity,
e.g. a smooth decrease in unit cost when
shipping volumes grows

e Allows uncertainty,

e.g. uncertain demand @ 34 @

H I H< I
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Model types in this example

* Determine minimum transportation cost.
P - bl
Result: city to city shipment volumes.

* Allows discrete decisions,
e.g. if we ship, then we ship at least 100 cases.

Allows non-linearity,
e.g. a smooth decrease in unit cost when
shipping volumes grows

MINLP

e Allows uncertainty,

e.g. uncertain demand @ 35 @

H I _H< I
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MIP Model: Minimum Shipment of 100 cases

e Shipment volume: X (continuous variable)
e Discrete decision: ship (binary variable)
Cost (S)
A /
ship=0 ship=1
Not possible
TR S > x (Number of cases)
100

add constraints:
x;j =100 -ship;; Vi,j (if ship=1, then ship at least 100)

Xij < bigM - ship;; Vi,j (if ship=0, then do not ship at all)

Shl:pi’j € {0,1} @ @
36
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MIP Model: GAMS Syntax

mm gamside: Chlsers\Fred\Documents\talks\2016-09-0R2016\Preconference Workshophdemo\or1B.gpr

File Edit Search Windows Utilities Model Libraries Help

EHEEI = El@l [gdx results

o C:\Users\Fred\Documents'talks\2016-09-0R2016\Preconference Workshop\dema\3_trnsport_ MIP.gms

I 5 tmspart_MIP.gms 5_trn8|:u:|rt_MIF'.Ist|

demand (i) .. sam (i, x(i,3)) =g= bij) »
model transportlLP / all /:
Solve transportlP using LP minimizing =z ;

parameter rep(i,j,*) report parameter;

rep(i,J,'LP"}) = x.1(1i,3):

* MIE

scalar minS minimum shipment / 100 /
bigM big M:

bigM = min(smax (i,a(i)), smax(j,b(3))):

binary variable ship(i,j) 'l if we ship from i1 to j, otherwise 0':

ecmation minship(i,j) minimum shipment
maxship (i, j) maximum shipment;

minship(i,j).. x(i,3) =g= minS * ship(i,j):
maxship(i,j).. x{i,j) =1= bigM * ship(i,j):

Model transportMIP / transportlP, minship, maxship / :
option optcr = 0

Solve transportMIP using MIP minimizing z ;

rep(i,j,"MIP') = x.1(i,3):
display rep;

@7 ®
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MIP Model: GAMS Syntax

mm gamside: Chlsers\Fred\Documents\talks\2016-09-0R2016\Preconference Workshophdemo\or1B.gpr

File Edit Search Windows Utilities Model Libraries Help

EHEEI = El@l [gdx results

o C:\Users\Fred\Documents'talks\2016-09-0R2016\Preconference Workshop\dema\3_trnsport_ MIP.gms

I 5 tmspart_MIP.gms 5_trn8|:u:|rt_MIF'.Ist|

demand (i) .. sam (i, x(i,3)) =g= bij) »
model transportlLP / all /:
Solve transportlP using LP minimizing =z ;

parameter rep(i,j,*) report parameter;

rep(i,J,'LP"}) = x.1(1i,3):

* MIE

scalar minS minimum shipment / 100 /
bigM big M:

bigM = min(smax (i,a(i)), smax(j,b(3))):

binary variable ship(i,j) 'l if we ship from i1 to j, otherwise 0':

ecmation minship(i,j) minimum shipment
maxship (i, j) maximum shipment;

minship(i,j).. x(i,3) =g= minS * ship(i,j):
maxship(i,j).. x{i,j) =1= bigM * ship(i,j):

Model transportMIP / transportlP, minship, maxship / :
option optcr = 0

Solve transportMIP using MIP minimizing z ;

rep(i,j,"MIP') = x.1(i,3):
display rep;

Hands-On

@=®
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MIP Model: Results

mm gamside: C\Users\Fred\Documents\talks\2016-09-OR2016\Preconference Workshop\demo'orlf.gpr

File Edit Search Windows Utilities Model Libraries Help
2| B % v |+ o 2| &|m]]
E ChUsers\Fred\Documentsitalks\2016-09-0R2016\Preconference Workshophdemol\3_trnsport_MIP.Ist EI@

5 tingport_MIP.gms ” B_tnzport_KIP st results.gds |

Compilation
Include File Summary
Equation Listing SOLVE fransy
Equation
Column Listing
Column
Model Statistics
Solution Report
SolEQU
SolVAR
Equation Listing
Equation
Column Listing
Column
Model Statistics
Solution Report
SolEQU
SolVAR
Execution
Display

rep

SOLVE trans)
SOLVE transp
SOLVE transg
SOLVE transy
SOLVE trans)

SOLVE transp
SOLVE transg

#%&%% REPORT SUMMRRY : 0 HCONCET
0 INFEASIBLE

0 UNBOUNDED

r58181 Released Jul 11, 2016 W
Al gebraic Mode

GRMS 24.7.3
General
Execution

70 PARAMETER rep report parameter

LF MIP
seattle .new-york S0.000
seattle .chicago 300.000 300.000
san—-diego.new-york 275.000 325.000
san—-diego.topeka 275.000 275.000

EXECUTICN TIME = 0.000 SECCHNDS

USER: Frederik Fiand
FAMS Software GmbH
License for teaching and research at

©& C:\Users\Fred\Documents\talks\2016-09-OR2016\Preconf... | = | =[5

I resulks. gds

Entry'Symhol |Type|Dim|Nr Elem | ”

10 cost Equ 0 1
5d Par 2 6
12 demand Equ 1 3
Tf Par 0 1
1 Set 1 2
2] Set 1 3
18 maxship Equ 2 6
14/ min3 Par 0 1
17 minship Equ 2 6
16 ship Var 2 6
11 supply | Equ 1 2
8% Var 2 6
9z Var 0 1

Symbol search

repli, J. *)- report parameter

Plane Index (empty)

LP |MIP

seattle  |new-york |l

chicago [300 300

san-diego |new-york | 275 325

topeka |[275 275

I
Reset | ¥ Squeeze default:
|

Sort | [ Sgueeze trailing
|
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MIP Model: Solution
Canning Plants (supply) |~_*"'PMents

(Number of cases)

Markets (demand)

Topeka
(275)

Chicago

— I\I.' - _. E‘ — ) 7 -~ Ir‘ - ﬁ(/
e '."Vi}; )
5 =" J |- Al | et
____,-—;,#Lu._- __L; = g N r‘?

i _,-'H""'..

New York

L= e o=
N -_Tf:?”ﬁ ./'J Mlﬁgﬂ —}m;gﬁ‘-\-‘—{_kamm
S ﬂmm.-i:;,imﬁ T:__{__N_{fgg? \15&.
Il/ ;?a;"""'"; o """Jl Flwla}a '-'-bs'l Palm
e
I'\Iﬁl.k \-\ ‘}mm
Freight: $90 case / thousand miles Total cost: $153,675

OFEJC
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Model types in this example

Determine minimum transportation cost.
P - bl
Result: city to city shipment volumes.

I
(]

* Allows discrete decisions,
e.g. if we ship, then we ship at least 100 cases.

Allows non-linearity,
e.g. a smooth decrease in unit cost when
shipping volumes grows

<
P
v

e Allows uncertainty,

e.g. uncertain demand @ a1 @
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Model types in this example

* Determine minimum transportation cost.
P - bl
Result: city to city shipment volumes.

* Allows discrete decisions,
e.g. if we ship, then we ship at least 100 cases.

Allows non-linearity,
e.g. a smooth decrease in unit cost when
shipping volumes grows

<

H _H< H I
=
S

e Allows uncertainty,

e.g. uncertain demand @ 42 @



GENERAL ALGEBRAIC MODELING SYSTEM

MINLP: Cost Savings

Cost (S)
A |
| The cost per case
/ decreases with a
: increasing shipment
ship =0 ' ship=1 volume
Not possible
S S >
FRERRRE R X (Number of cases)
0 100
Replace:
min X 2 Cij * Xij (Minimize total transportation cost)
With

min ;X Cij -xijbet“ (Minimize total transportation cost)

@=®



GENERAL ALGEBRAIC MODELING SYSTEM

MINLP Model: GAMS Syntax

mm gamside: C\Users\Fred\Documents\talks\2016-03-0R2016\Preconference WorkshopidemaohorlB.gpr
File Edit Search Windows Utilities  Maodel Libraries  Help

B.l | %‘El S | Q}n I ;I {a}l %l | Igdx results
e C:\Users\Fred\Documents\talks\2016-09-OR2016\Preconference Workshop\dema\6_trspart_MINLP.gms ===
IE_trnspurt_MINLF'_gms E_tmspuft_MINLF'.IstI results.gd:-:l
~
* MINLE
Socalar beta / 0.395
Ecquation costnlp define non-linear objective function:
costnlp.. =z =e= s=smm((i,j), c(i,J)*=x(i,])**beta)
Model transportMINLP / transportHMIP - cost + costnlp /»
Solve transportMINLP using MINLP minimizing z ;
rep(i,j, "MINLP') = x.1(i,3):
display Iep,:l
]
L4 >

OEC



GENERAL ALGEBRAIC MODELING SYSTEM

MINLP Model: GAMS Syntax

mm gamside: C\Users\Fred\Documents\talks\2016-03-0R2016\Preconference WorkshopidemaohorlB.gpr
File Edit Search Windows Utilities  Maodel Libraries  Help

B.l | %‘El S | Q}n I ;I {a}l %l | Igdx results
e C:\Users\Fred\Documents\talks\2016-09-OR2016\Preconference Workshop\dema\6_trspart_MINLP.gms ===
IE_trnspurt_MINLF'_gms E_tmspuft_MINLF'.IstI results.gd:-:l
~
Socalar beta / 0.395
Ecquation costnlp define non-linear objective function:
costnlp.. =z =e= s=smm((i,j), c(i,J)*=x(i,])**beta)
Model transportMINLP / transportHMIP - cost + costnlp /»
Solve transportMINLP using MINLP minimizing z ;
rep(i,j, "MINLP') = x.1(i,3):
display Iep,:l
]
L4 >

| Hands-On
@ s (®




GENERAL ALGEBRAIC MODELING SYSTEM

MINLP Model: Results

mm gamside: C\Users\Fred\Documentsitalks\2016-09-0OR2016\Preconference Workshopdemotor16.gpr
File Edit Search Windows Utilities Model Libraries Help

2| E) %+ | | = | s[s]l

om C\Users\Fred\Documentsitalkst2018-09-0R2016\Preconference Workshop\demo\b_trnsport_ LP.Is = [=] E3
E_trnzport_MINLP.ams || 6_tmsport_MIMNLP lst  results.gds
Column Listing SOLVE transport ~ 0 INFERSIEBLE ~
+= Column 0 UNBOUNDED
Model Statistics SOLVE transporil
Solution Report  SOLVE transport o ERRORS ) )
+- SolEQU GRMS 24.7.3 1r58181 Released Jul 11, 2016 WEX-WEI x86 64bit/M5 Windows 08/23/
+- SolVAR General LAlgebraic Modeling S5ystemn
Equation Listing SOLVE transport Execution
+- Equation
Column Listing SOLVE transport
+- Column
Model Statistics SOLVE transporth ——— 83 PLEAMETER rep report parameter
Solution Report SOLVE transportl
+ SolEQU
+- SolVaR LP MIP MINLP
Execution
+ E'Splf_w Listi SOLVE 4 i seattle .new-york 50.000
e Egﬂ:t:gz 15ting ranspo seattle .chicago 300.000 300.000 300.000
Column Listing  SOLVE transport san—-diego.new-york 275.000 325.000 325.000
+- Column san-diego.topeka 275.000 275.000 275.000
Model Statistics S0 AMEtransnordh
) EU!HTLOIQ Report S wn C\Users\Fred\Documents\talks\2016-09-OR2016\Preconference Workshop\demo'results.gdx E\@
<
results.gdx

Entry|Symh0I |Type|Dim|Nr Elem | * 1l rep(i, j. *): report parameter

)i Set 1 2 Plane Index (empty)
2] Set 1 3
18 maxship Equ 2 6 - |M|P|M|NLP|
14 ming Par 0 1 seattle  |new-york |l
17 minship Equ 2 5 chicago (300 300 300
13|rep |Par | 3| 10 san-diego |new-york| 275 325 325
16 ship Var 2 6 topeka (275 275 275

L

Symbol search Reset | W Squeeze defaults Decimals Search Ordering: 12 3
Next | Prev Sort I Squeeze trailing zeroes 4] +| Max Mext | Prev @ 46 @




GENERAL ALGEBRAIC MODELING SYSTEM

MINLP Model
Canning Plants (supply) |

: Solution

shipments
>

Markets (demand)

(Number of cases)

Topeka
(275)

Chicago

— I\I.' - _. E‘ — ) 7 -~ Ir‘ - ﬁ(/
e '."Vi}; )
5 =" J |- Al | et
____,-—;,#Lu._- __L; = g N r‘?

i _,-'H""'..

New York

iy | B |
— i __'?\T_\.__——_'__,r ‘.I ) & Tackson
s _Tf“ffm (} ”';Eﬂ —},,;Lﬁ--\-‘—{.kammm
S ﬂmm.-i:;,imﬁ T:__{__N_{fgg? \15&.
|'/ ﬁwf’ - """JL lea}s '.-.m Palm
e
II‘.E'-.x \-\ j;ularr'l
Freight: $90 case / thousand miles Total cost: $153,675

@ ®



GENERAL ALGEBRAIC MODELING SYSTEM

Model types in this example

P

Determine minimum transportation cost.
Result: city to city shipment volumes.

Allows discrete decisions,
e.g. if we ship, then we ship at least 100 cases.

MINLP

Allows non-linearity,
e.g. a smooth decrease in unit cost when
shipping volumes grows

Allows uncertainty,
e.g. uncertain demand

ORIC)



GENERAL ALGEBRAIC MODELING SYSTEM

Model types in this example

P

MINLP

Determine minimum transportation cost.
Result: city to city shipment volumes.

Allows discrete decisions,
e.g. if we ship, then we ship at least 100 cases.

Allows non-linearity,
e.g. a smooth decrease in unit cost when
shipping volumes grows

Allows uncertainty,
e.g. uncertain demand

49 (»)



GENERAL ALGEBRAIC MODELING SYSTEM

Stochastic Programming in GAMS

EMP

ElVlP/SP Information Deterministic

> Simple interface to add uncertainty to| | (TS § BERACAS
existing deterministic models \ Translation }

» (EMP) Keywords to describe = 9
uncertainty include: discrete and Y '% S
parametric random variables, stages, Eemrmu'ateﬂ 8 TU;
chance constraints, Value at Risk, ... Model =2 %,

» Available solution methods: T 2 =
» Automatic generation of Solve v 025 g

Deterministic Equivalent (can be ( established Algorithms B
solved with any solver) |
» Specialized commercial algorithms

(DECIS, LINDO) Solution

OEJC



GENERAL ALGEBRAIC MODELING SYSTEM m

Transport Example - Uncertain Demand

b(j): demand at market j in cases

new-york [E23 Uncertain | S
chicago bf b: 0.
topeka demand factor bf C Val: 100

Prob: 0.2

Val: 1.10 |

Decisions to make

» First-stage decision: How many units should be shipped “here and
now” (without knowing the outcome)
» Second-stage (recourse) decision:
» How can the model react if we do not ship enough?
» Penalties for “bad” first-stage decisions, e.g. buy additional

cases u (Jj) at the demand location:

costsp .. z =e= sum((i,3]), c(i,])*x(1,7))+
sum(j,0.3*u(j));

demandsp(3j) .. sum(i, x(i,3)) =g= bf*b(j) - u(j) -




GENERAL ALGEBRAIC MODELING SYSTEM

Uncertain Demand - GAMS Algebra

== gamside: C:\Users\Fred\Documents\talks\2016-09-0R2016\Precenference Workshophdemo\er16.gpr
File Edit Search Windows Utilities Model Libraries Help

PR e P

=m C:\Users\Fred\Documents\talks\2016-09-0R2016\Preconference Workshophdemao\7_trnsport_SP.gms

I 7_tinzport_SP.gms ?_lrnspnrt_SF'.Istl results.gdxl

* Stochastic Program with uncertain demand

Positive wvariable u(j) unsatisfied demand;

Scalar bf demand factor /[ 1 /:

Egquation costsp define objective function for 5P
demandsp (j) demand =atisfaction in 5EB;

costsp. . z == sum((i,3), cl{i,J)*x(1i,3)) + sam(j, O0.3*u(j)):
demandsp (j) .. smm(i, x(i,j)) =g= bE*kb(j) - ui(j):

Model transportSP / costsp, demandsp, supply J:
File emp / '%emp.info%' /; put emp:;
Sonput
randvar bf discrete 0.3 0.9
0.5 1.0
0.2 1.1
stage 2 bf u demandsp
Soffput
Putclose emp;

Set scen scenarios / sl*s4 /;

Paramster
2 bf(=cen) demand factor for realization by =cenario
5 _x(scen,i,j) shipment per sScenario
5 _u(scen,j) unsatisfied demand per scenario (bought cases);

Set dict / =s=cen . scenarioc . '!

bf . randvar . s_bf
level . 8 X
u . level .5 u f;

option emp=lindo;

Solve transportS5P min z use emp scenario dict;
£ >




GENERAL ALGEBRAIC MODELING SYSTEM

Uncertain Demand - GAMS Algebra

== gamside: C:\Users\Fred\Documents\talks\2016-09-0R2016\Precenference Workshophdemo\er16.gpr
File Edit Search Windows Utilities Model Libraries Help

PR e P

=m C:\Users\Fred\Documents\talks\2016-09-0R2016\Preconference Workshophdemao\7_trnsport_SP.gms

I 7_tinzport_SP.gms ?_lrnspnrt_SF'.Istl results.gdxl

* Stochastic Program with uncertain demand

Positive wvariable u(j) unsatisfied demand;

Scalar bf demand factor /[ 1 /:

Egquation costsp define objective function for 5P
demandsp (j) demand =atisfaction in 5EB;

costsp. . z == sum((i,3), cl{i,J)*x(1i,3)) + sam(j, O0.3*u(j)):
demandsp (j) .. smm(i, x(i,j)) =g= bE*kb(j) - ui(j):

Model transportSP / costsp, demandsp, supply J:
File emp / '%emp.info%' /; put emp:;
Sonput
randvar bf discrete 0.3 0.9
0.5 1.0
0.2 1.1
stage 2 bf u demandsp
Soffput
Putclose emp;

Set scen scenarios / sl*s4 /;

Paramster
2 bf(=cen) demand factor for realization by =cenario
5 _x(scen,i,j) shipment per sScenario
5 _u(scen,j) unsatisfied demand per scenario (bought cases);

Set dict / =s=cen . scenarioc . '!

bf . randvar . s_bf
level . 8 X
u . level .5 u f;

==

Hands-On

option emp=lindo; -

Solve transportS5P min z use emp scenario dict;
£ >




GENERAL ALGEBRAIC MODELING SYSTEM

Uncertain Demand - Results

I____

s1 0.900,

122 PRRAMETER = bf

=2 1.000,

demand factor for realization by scenario ~

53 1.100

122 PARAMETER = b demand per scenario

=2
=3

—— 122 PARAMETER = u wunsatisfied

new-york

32.500
65.000

chicago

new-york chicago

=1 292.500 270.000

=2 325.000 300.000

=3 357.500 330.000
- 122 PRRBMETER = _x
new-york
z2l.=eattle ED.000
2l.=zan-diego 242,500
s2.seattle S0.000
=2 .=2an-diego 242 .500
z3.3eattle 50.000
z23.=san—-diego 242 .500

30.000

topeka

247.500
275.000
302.500

shipment per scenario

chicago

300.000

300.000

300.000

topeka

27.500

topeka

275.000

275.000

275.000

demand per scenario

[bought cases)

@ ®



GENERAL ALGEBRAIC MODELING SYSTEM

Stochastic Program: Solution
_ SlpIEE 5 | Markets (demand)

(Number of cases)

Topeka
+| (=275 Chicago [
— tate s (=300) | New York

. (~325)

\.v_-::'____x Texas Ml;gﬂ _‘m;gﬁ__\.‘_ xf-&“m“‘"’

_Wﬂ -
ﬁpmmm;z_mﬁ _{ “W.E"“i \ﬁ&_
/ _s'a-"’J """JL lea}s Viest Paim
v
'|:1_ \-\ j;ularr'l

Freight: $90 case / thousand miles Total cost: $158,588 @ 55 @
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GENERAL ALGEBRAIC MODELING SYSTEM

Stochastic Programming in GAMS

The Extended Mathematical Programming (EMP) framework is used to
replace parameters in the model by random variables

e Support for Multi-stage recourse problems and chance constraint
models

* Easy to add uncertainty to existing deterministic models, to either use
specialized algorithms or create Deterministic Equivalent (new free
solver DE)

e More information:
http://www.gams.com/dd/docs/solvers/empsp.pdf

OEIC


http://www.gams.com/dd/docs/solvers/empsp.pdf

GENERAL ALGEBRAIC MODELING SYSTEM

Agenda

GAMS at a Glance

GAMS - Hands On Examples

APIs - Application Programming Interfaces to GAMS

Outlook - Some Advanced GAMS Features

@7



GENERAL ALGEBRAIC MODELING SYSTEM

Calling GAMS from your Application

__GAVIS™.—  SOLVER
Application
@0

Creating Input for GAMS Model
—> Data handling using GDX API

Callout to GAMS

-2 GAMS option settings using Option API
—>Starting GAMS using GAMS AP

Reading Solution from GAMS Model
— Data handling using GDX API @ 58 (®



GENERAL ALGEBRAIC MODELING SYSTEM

Low level APIs = Object Oriented API

* Low level APIs
e GDX, OPT, GAMSX, GMO, ...
e High performance and flexibility

* Automatically generated imperative APIs for several
languages (C, Delphi, Java, Python, C#, ...)

* Object Oriented GAMS API

* Additional layer on top of the low level APIs
* Object Oriented

* Written by hand to meet the specific requirements of
different Object Oriented languages

@=®



GENERAL ALGEBRAIC MODELING SYSTEM

Transport Application GUI Example
e Scenario solves of the transportation problem

* Features:
* Preparation of input data
e Loading data from Access file
* Solving multiple scenarios of a model
* Displaying results

* Four implementation steps:
1. Graphical User Interface
2. Preparation of GAMS model
3. Implementation of scenario solving using GAMSJob
4. GAMSModellnstance for performance improvements

@ ®



GENERAL ALGEBRAIC MODELING SYSTEM

Transport Application GUI Example
e Scenario solves of the transportation problem

* Features:
* Preparation of input data
e Loading data from Access file
* Solving multiple scenarios of a model
* Displaying results

* Four implementation steps:
1. Graphical User Interface
2. Preparation of GAMS model
3. Implementation of scenario solving using GAMSJob
4. GAMSModellnstance for performance improvements

Hands-On

@ ®




GENERAL ALGEBRAIC MODELING SYSTEM

Agenda

GAMS at a Glance

GAMS - Hands On Examples

APIs - Application Programming Interfaces to GAMS

Outlook - Some Advanced GAMS Features

@2



GENERAL ALGEBRAIC MODELING SYSTEM

Solvelink Option

controls GAMS function when linking to solve

Model transport /all/ ;

Option solvelink = ({ $Solvelink.ChainScript5,
$Solvelink.CallScript5,
$Solvelink.CallModule5,

$Solvelink.LoadLibrary%};

solve transport using lp minimizing z;

@s®



GENERAL ALGEBRAIC MODELING SYSTEM

Solvelink Option

controls GAMS function when linking to solve

Model transport /all/ ;

Option solvelink = { $Solvelink.ChainScript5,
$Solvelink.CallScript5,
$Solvelink.CallModule5,

$Solvelink.LoadLibrary%};

solve transport using lp minimizing z;

e ChainScript [0]: Solver process, GAMS vacates memory
+ Maximum memory available to solver
+ protection against solver failure (hostile link)
- swap to disk

@« ®



GENERAL ALGEBRAIC MODELING SYSTEM

Solvelink Option — cont.

* Call{Script [1]/Module [2]}: Solver process, GAMS stays live
+ protection against solver failure (hostile link)
+ no swap of GAMS database
- file based model communication

@& ®



GENERAL ALGEBRAIC MODELING SYSTEM

Solvelink Option — cont.

* Call{Script [1]/Module [2]}: Solver process, GAMS stays live
+ protection against solver failure (hostile link)
+ no swap of GAMS database
- file based model communication

e LoadLibrary [5]: Solver DLL in GAMS process
+ fast memory based model communication
+ update of model object inside the solver (hot start)
- not supported by all solvers

@& ®



GENERAL ALGEBRAIC MODELING SYSTEM

Simple Serial Solve - Performance

trnsport.gms (LP) solved 500 times with CPLEX:

am C:\Users\Fred\Documentsitalks\2016-09-0R2016\Preconference Workshop\deme\trsport_GUSS_solvelin...| = | =l | s
ImmmeGU5&§DWQMKng

loop (=, "~
dii,J) = dd(=s,1i,3)7
f = ffi(=s):
Solve transport using lp minimizing z ;
repi(=) = z.1;
) W
< >

@7 ®



GENERAL ALGEBRAIC MODELING SYSTEM

Simple Serial Solve - Performance

trnsport.gms (LP) solved 500 times with CPLEX:

EC:"I..Users'l.Fred‘l.Documnis‘l.talks'l.ZﬂTE—UB—ORZDTE‘I..PmcunfﬂenceWurl:shup\.denm‘l.tnﬁpurt_GUSS_suhreﬁn... — | (=] ﬁ

I trnzport_GUSS_zolvelink.gms

e L The solvelink option controls
e J) ddis,i,3):
£ = ££(s); GAMS function when linking
Solve transport using lp minimizing z ;
rep(s) = z.1l: to solve.
) [~
< »

Setting Solve time (secs)

Solvelink=%Solvelink.ChainScript% 54.368

Solvelink=%Solvelink.LoadLibrary% 05.039

Hands-On @ 68 @




GENERAL ALGEBRAIC MODELING SYSTEM

Scenario Solver

Simple Serial
Solve Loop

Scenario Solver/GUSS

=4 Generation

-

i

Generates model once and updates the
algebraic model keeping the model “hot”

inside the solver.
OEIO



GENERAL ALGEBRAIC MODELING SYSTEM

Scenario Solver/GUSS - Performance
trnsport.gms (LP) solved 500 times with CPLEX:

* <SS ]

i £ I

CIp = Jjnow;
Set mattrib / system.GUS55Modellttributes /;

Parameter
XrGUSS(=,41,3) collector for lewvel of x Hnm[ﬁ:ﬂnmihrﬁﬂﬂscenanos
srep(=s, mattrib) model attibutes like modelstat etc ChmnScﬂm
ol*) GFUSS options f SkipBaseCase 1 f
CallModule |12.909
Set dict / = . scenaric.'' LoadLibrary| 5.039
o . opt . S3rep Guss 1947
d . param .dd
f . param LEf
X . level JEEGUSSE S
Solve transport using lp minimizing z scenario dict; l W

Setting Solve time (secs)

Solvelink=%Solvelink.ChainScript% 54.368

Solvelink=%Solvelink.LoadLibrary% 05.039

s e



GENERAL ALGEBRAIC MODELING SYSTEM

Scenario Solver/GUSS - Performance

Example: Stochastic model with 66,320 linear problems

Setting Solve time (secs)

Loop: Solvelink=%Solvelink.Chainscript (default) 7,204

Loop: Solvelink=%Solvelink.LoadLibrary% 2,481

GAMS Scenario Solver 392

CPLEX Concert Technology 210 } m

@7 ®



GENERAL ALGEBRAIC MODELING SYSTEM

Grid Computing Facility

GAMS jobs in a distributed environment

» Scalable: supports large grids, but also works on
local machine

» Platform independent, works with all
solvers/model types
» Only minor changes to model required

-

GAMS GAMS

? Job Submission

Process solution information

Solution Collection

> = @720

Process solution information




GENERAL ALGEBRAIC MODELING SYSTEM

Grid Computin

B8 C:\Users\Fred\Documents\talks\

I Ya_tmzgrid.gms Sa_tmsglid.lstl

transport.solwvelink = f=olwvelink.hAsyneGrid:;

transport.limecol = 0; i N N .
: ransport . 1imrow 0. . _Llcense_for_teachlng and research at degree granting i
transport.solprint = %solprint.Quiet%: -77 Starting compilation

--- %92 trnsgrid.gms(101) 3 Mb

——— Starting exXecution: elapsed 0:00:00.003
-—— 92 trnsgrid.gms(75) ¢ Mb

——— Generating LPF model transport

-—— 9%9a trnsgrid.gms(77) 4 Mb

set = scenaricos / 1%5 /:

parameter dem(s,j) random demand

h{s) =store the instance handle; ——— LOOPS = = 1
- 6 rows 7T columns 1% non-zeroes
dem(=,j)= b(j)*uniform(.95,1.15); // create some random demands ——— Submitting model transport with handle gridl45000001
—=-= Executing after solve: elapsed 0:00:00.046
loop (s, -—— 9%9a trnsgrid.gms(75) 4 Mb
bi(j) = dem(=,3) —-- Generating LP model transport
Solve transport using lp minimizing z: -—— %a_trnsgrid.gms(77) 4 Mb
his) = transport.handle }; /4 save instance handle --— LOCPS = = 2

-— 6 rows T columns 1% non-zeroes

——— Submitting model transport with handle gridl45000002
——— Executing after solwve: elapsed 0:00:00.066

——-— 9a_trnsgrid.gms(75) 4 Mb

——— Generating LP model transport

---— %92 trnsgrid.gms(77) ¢ Mb

--— LOCPS s = 3

- & rows 7T columns 1% non-zeroes

——— Submitting model transport with handle gridl45000003

parameter repx(s,1i,j) solution report
repy SUmMmAry report;

repy (s, "solvestat')
repy (s, "'modelstat") = mna;

nasr

* w2 use the handle parameter teo Indicate that the solution has besn collected

repeat —-—— Exrecuting after sclwve: elapsed 0:00:00.091
loop (sfhandlecollect (h(s)), --- 9a trnsgrid.gms(75) 4 Mb
repx(=s,1,3) = x.1(1,3): ——— Generating LP model transport
repy (s, 'solvestat') = transport.solvestat; ——— 9a trnsgrid.gm=(77) 4 Mb
repy (s, 'modelstat') = transport.modelstat; - LOBPS 5 = 4
repy (s, 'resusd’ ) = transport.resusd; -——= & rows 7T columns 195 non-zeroes
repyv (=, 'obival') = transport.objval: —== Submitting model transport with handle gridl45000004
displayfhandledelete (h({s)) 'trouble deleting handles' : —--— Executing after solve: elapsed 0:00:00.121
his) =0} : /4 indicate that we have loaded the sclution --- %a trnsgrid.gms(75) 4 Mb

display$sleep (card(h)*0.2) 'was sleeping for some time'; -—- Generating LP model transport

- -—— 9%9a trnsgrid.gms(77) 4 Mb

mntil card(h) = 0 or timeelapsed > 10; // wait until a1l modsls ars loadsd w
£ >
display repx, Iepy.
abortfsum (=% (repyi(s, "solvestat')=na),1l) '"Some jobs did not return'; W
s > Close Openlaog | T Summaryonly W Update

73



GENERAL ALGEBRAIC MODELING SYSTEM

Grid Computin

I Ya_tmzgrid.gms Sa_tmsglid.lstl

transport.solwvelink = f=olwvelink.hAsyneGrid:;

transport.limcol = 0;
transport.limrow = 0;
transport.solprint = %solprint.Quiet%:

set = scenaricos / 1%5 /:

parameter dem(s,j) random demand
h{s) store the instance handle;

dem(=,3)= b(j)*uniform(.95,1.15):

loop (s,
bB(j) = dem(s,])
Solve transport using lp minimizing =z;
h(s) = transport.handle };

 save inst

parameter repx(s,1i,j) solution report

repy SUmMmAry report;
repy (s, "solvestat") = na;
repy (s, "'modelstat") = mna;

* we use the handle parametsr to Indicate that the solution has besn
repeat
loop (sfhandlecollect (hi=)),
repx(=s,1,3) = x.1(1,3):
repy (s, 'solvestat') = transport.solvestat;
repy (s, 'modelstat') = transport.modelstat;
repy (s, 'resusd’ ) = transport.resusd;
repy (=, 'objwval') = transport.objval;
displayfhandledelete (h(=)) 'trouble deleting handles' ;
his) =0 ) : // indicate tha have loaded the solution
displaySsleep(card(h) *0.2) '"was sleeping for some time';
mntil card(h) = 0 or timeelapsed > 10; ./ wai ]

t we h

or
]
Fu

until a1l modsls re

display repx, Iepy.

abortfsum (=% (repyi(s, "solvestat')=na),1l) '"Some jobs did not return';

License for teaching and research at degree granting i:

- Starting compilation

- 92_trnsgrid.gms=(101) 3 Mb

— Starting execution: elapsed 0:00:00.003

- 9a_trnsgrid.gm=(75) ¢ Mb

— Generating LP model transport

- 9a_trnsgrid.gms(77) 4 Mb

- LOCOPS = = 1

- 6 rows 7T columns 1% non-zeroes

- Submitting model transport with handle gridl45000001
- Executing after solwve: elapsed 0:00:00.046

- 9a_trnsgrid.gms(73) 4 Mb

— Generating LP model transport

— %a_trnsgrid.gms(77) 4 Mb

- LCCOPS = = 2

- 6 rows T columns 1% non-zeroes

— Submitting model transport with handle gridl45000002
— Executing after solwve: elapsed 0:00:00.066

— %9a_trnsgrid.gms(75) 4 Mb

- Generating LP model transport

- 92_trnsgrid.gms=(77) ¢ Mb

- LOOFS =5 = 3

- & rows 7T columns 1% non-zeroes

— Submitting model transport with handle gridl4s5000003
- Executing after solwe: elapsed 0:00:00.0891

- 92_trnsgrid.gm=(73) ¢ Mb

- Generating LP model transport

- 9a_trnzgrid.gms=(77) ¢ Mb

- LOOPS 5 = 4

- & rows 7T columns 19 non-zeroes

- Submitting model transport with handle gridl4s000004
— Executing after solwe: elapsed 0:00:00.121

- 9a_trnsgrid.gm=(75) ¢ Mb

— Generating LP model transport

- 9a_trnsgrid.gms(77) 4 Mb

Close Openlaog | T Summaryonly W Update
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Grid Computin

wa C:\Users\Fred\Documents\talks\2016-09-OR2016\Preconference Workshop\de

IthmMgms tgmmmkq

dem(s,3)= b(j)*uniform(.95,1.15);

loop (21,
tStart = jnow;
repy(sl,s, "solvestat') = na;
repv(sl,s, "'modelstat') = na;
acti(=2) = no; hi=z) = 0; nex5(s) = sameas|("1',3);

transport.solvelink = s=lnum(=1);

repeat
while (card(acti)<max5 and card(nex3),
loop (nexS (=),
bij) = dem(s,3)
Solve transport using lp minimizing z;

h(s) = transport.handle;
acts(s) = yes;

)i

nexS(s) = nexS(s-1);

)i

colS(=2) = no;

display$ReadyCollect (h) 'Waiting for next instance to collect';
loop (act3 (s) Shandlecollect (his) ),

repx(sl,=s,1,J) = ®X.1(1i,3):
repy(=sl, =, 'solvestat') = transport.solvestat;
repy(sl, s, 'modelstat') = transport.modelstat;
repyi(sl, s, 'resusd’ } = transport.resusd;
repy(=sl, =, 'objval') = transport.objval;
displayShandledelete(h(s)) "troukle deleting handles' ;
caolS5(s) = yes; his) = 0;
}: actS(col5) = no;
until (card(nex5)=0 and card({act3) = 0) or timeelapsed > 10; vait

repy(sl, 'time', 'elapsed') = (jnow — tStart)*3600%24;
abortésum (=% (repy (=21, 2, 'solvestcat’)=na), 1)
)i
display repx,

'Some jobs did not return';

Iepys

2]

FOR/WHILE = 1
N * = g

6 rows 7 columns 19 non-zeroes

——— Submitting model transport with handle gridl45000018
——- Executing after =solve: elapsed 0:00:00.742

——— tgridmix.gms(89) 4 Mb

——- Generating LF model transport

——— tgridmix.gm=(100) 4 Mb

—--- LOOPS sl = Grid

FOR/WHILE = 2

FOR/WHILE

J— = = g

I
]

6 rows 7 columns 1% non-zeroes

——— Submitting model transport with handle gridl45000019
——— Executing after solve: elapsed 0:00:00.759

——- Tgridmix.gms(89) 4 Mb

——- Generating LP model transport

——— Tgridmix.gm=(100) 4 Mb

—--— LOOPS s1 = Grid

- FOR/WHILE = 2

- FOR/WHILE = 3

_ * = 10

-——= 6 rows 7 columns 1% non-zeroes

——- Submitting model transport with handle gridl45000020

——— Executing after solve: elapsed 0:00:00.776

——- tgridmix.gm=(89) 4 Mb

——— GDHin=C:\Users\Fred\Documents\talks\2016-09-CR2016"\Preconfer
——- ERemoved handle gridl45000018

——— GDHin=C:\Users\Fred\Documents\talks\2016-09-CR2016"\Preconfer
——- Removed handle gridl4500001%

——— GDHin=C:\Users\Fred\Documents'talks\2016-09-CR2016"\Preconfer
——- Removed handle gridl45000020

——— tgridmix.gms(121) 4 Mb

***% Status: Hormal completion

——— Job tgridmix.gms Stop 08/25/16 06:27:43 elapsed 0:00:00.849
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Grid Computin

wa C:\Users\Fred\Documents\talks\2016-09-OR2016\Preconference Workshop\de

IthmMgms tgmmmkq

dem(s,3)= b(j)*uniform(.95,1.15);

loop (21,
tStart = jnow;
repy(sl,s, "solvestat') = na;
repv(sl,s, "'modelstat') = na;
acti(=2) = no; hi=z) = 0; nex5(s) = sameas|("1',3);

transport.solvelink = s=lnum(=1);

repeat
while (card(acti)<max5 and card(nex3),
loop (nexS (=),
bij) = dem(s,3)
Solve transport using lp minimizing z;

h(s) = transport.handle;
acts(s) = yes;
)i
nex3(s) = nex3(s-1):; ce nexs

)i

colsS (=) = no;
display$ReadyCollect (h)
loop (act3 (s) $handlecollect (h{s)),

repx(sl,=s,1,J) = ®X.1(1i,3):
repy(=sl, =, 'solvestat') = transport.solvestat;
repy(sl, s, 'modelstat') = transport.modelstat;
repyi(sl, s, 'resusd’ } = transport.resusd;
repy(=sl, =, 'objval') = transport.objval;
displayShandledelete(h(s)) "troukle deleting handles' ;
caolS5(s) = yes; his) = 0;
}: actS(col5) = no;
until (card(nex5)=0 and card({act3) = 0) or timeelapsed > 10;

repy(sl, 'time', 'elapsed') = (jnow — tStart)*3600%24;
abortésum (=% (repy (=21, 2, 'solvestcat’)=na), 1)
)i
display repx,

'Some jobs did not

Iepys

/ create some random demands

'Waiting for next instance to collect';

2]

- FOR/WHILE = 1
N * = g

- 6 rows 7 columns 19 non-zeroes

——— Submitting model transport with handle gridl45000018
——- Executing after =solve: elapsed 0:00:00.742

——— tgridmix.gms(89) 4 Mb

——- Generating LF model transport

——— tgridmix.gm=(100) 4 Mb

—--- LOOPS sl = Grid

- FOR/WHILE = 2

- FOR/WHILE

J— = = g

I
]

-——= 6 rows 7 columns 1% non-zeroes

——— Submitting model transport with handle gridl45000019
——— Executing after solve: elapsed 0:00:00.759

——- Tgridmix.gms(89) 4 Mb

——- Generating LP model transport

——— Tgridmix.gm=(100) 4 Mb

—--— LOOPS s1 = Grid

- FOR/WHILE = 2

- FOR/WHILE = 3

_ * = 10

-——= 6 rows 7 columns 1% non-zeroes

——- Submitting model transport with handle gridl45000020

——— Executing after solve: elapsed 0:00:00.776

——- tgridmix.gm=(89) 4 Mb

——— GDHin=C:\Users\Fred\Documents\talks\2016-09-CR2016"\Preconfer
——- ERemoved handle gridl45000018

——— GDHin=C:\Users\Fred\Documents\talks\2016-09-CR2016"\Preconfer
——- Removed handle gridl4500001%

——— GDHin=C:\Users\Fred\Documents'talks\2016-09-CR2016"\Preconfer
——- Removed handle gridl45000020

——— tgridmix.gms(121) 4 Mb

***% Status: Hormal completion

——— Job tgridmix.gms Stop 08/25/16 06:27:43 elapsed 0:00:00.849
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Solving “many” Scenarios
How to find the right approach?

1. Small Ratio of solver time / GAMS time = Scenario
Solver
Large ratio i.e. only solver time is relevant (pre/post
processing not critical) 2 Grid Computing Facility
Entire model run including pre processing /
optimization / post processing is costly = Parallel
execution of entire model in the cloud
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Application - Scenario Solver

» Scenario Solver and Parallel Combined
Implementation | Number of Rest of Total time
MIP models algorithm

Traditional 100,000 1068 sec 169 sec 1237 sec
GAMS loop
Scenario Solver 100,000 293 sec 166 sec 459 sec

Implementation | Number of Parallel sub- | Rest of

MIP models problem time | algorithm
(serial)

Parallel + 100,000 4 116 sec 67 sec 183 sec
Scenario Solver

http://yetanothermathprogrammingconsultant.blogspot.de/2012/04/parallel-gams-jobs-2.html
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Where to Find Help?

Documentation Center: http://gams.com/help/index.jsp

Support Wiki: http://support.gams.com/

Mailing List(s): http://gams.com/maillist/index.htm

YouTube Channel: https://www.youtube.com/user/GAMSLessons

GAMS support: support@gams.com

Meet us at the GAMS booth!
OKIC,
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Other GAMS Talks

BEAM-ME: Acceleration Strategies for Energy System Models

Given by: Frederik Fiand

When: Thursday (Sep. 01), 09:00-09:30

Where: Horsaal 3

Abstract: BEAM-ME is a project funded by the German Federal Ministry for Economic Affairs and Energy (BMWi) and
addresses the need for new and improved solution approaches for energy system models. The project unites various
partners with complementary expertise from the fields of algorithms, computing and application development. The
con- sidered problems result in large-scale LPs that are computationally in- tractable for state-of-the-art solvers.
Hence, new solution approaches combining decomposition methods, algorithm development and high performance
computing are developed. We provide an overview on the large variety of challenges we are facing within this
project, present current solutions approaches and provide first results.

Recent Enhancements in GAMS

Given by: Franz Nelissen
When: Thursday (Sep. 01), 11:30-12:00
Where: Seminarraum 105
Abstract: Algebraic Modeling Languages (AML) are one of the success stories in Operations Research. GAMS is one
of the prominent AMLs and has evolved continuously in response to user requirements, changes in computing
environments and advances in the theory and practice of mathematical programing. In this talk we will begin with
some fundamental principles and outline several recent enhancements of GAMS supporting efficient and productive
development of optimization based decision support applications.

@
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